In order to see the influence of mitochondrial damages on the cell, timelapsed morphological changes in HeLa cells after staining supravitally with various concentrations of Janus Green B were observed. For light microscopy, NADH dehydrogenase activity employing tetranitroblue tetrazolium was used for the mitochondrial marker and acid phosphatase activity by azo-dye method for the lysosomal marker. Individual specimens were stained with both methods successively.
Ultrathin sections prepared from the monolayer cells on cover-slips were examined by an electron-microscope with or without prior histochemical reaction for acid phosphatase. At concentrations of Janus Green B lower than 2.5 x 10-6 M, no changes were observed in any organelles but mitochondria.
And the concentration of Janus Green B around 1 X 10-6 M was confirmed to be appropriate for the selective injury of the mitochondria with combination of Janus Green B and ruby laser light, results of which had been reported previously. However, at least from the morphological view points, Janus Green B itself was found to be selectively injurious to mitochondria at lower concentrations. At the concentration around 2.0 x 10_5 M, which was used conventionally for observation of mitochondria, changes in mitochondria were observed immediately after staining for 8 to 15 minutes. With 10u3 M Janus Green B, cells were fixed on the glass surface and the enzyme activities were entirely lost. Cellular degenerative process produced by Janus Green B was discussed, particularly placing emphasis on the mitochondrial changes and on the role of lysosome.
Janus Green B (JGB) has been used for years for supravital stain of cells4, 7, 12) and its cytotoxicity has been investigated5,13,18) However, there was no need for knowledge on its cytotoxic effects at concentrations lower than the concentration used for the conventional cytology. Recently, a microsurgical technic using dye and laser light has been devised, and selective injury of mitochondria was tried with combination of supravital stain with JGB and the ruby laser light irradiation. This trial was successful at least from the stand point of morphology'' . The con-centration of JGB used for this selective injury of mitochondria was lower than that employed for the conventional cytology, and investigation on cytotoxicity of diluted JGB became inevitable. This report deals with the changes in cells which had been stained supravitally with JGB at a wide range of concentrations from 10-' M to 10-3 M, placing emphasis on the concentration around 1 x 10-6 M which was used for the laser experiments. The observations were made by cytochemical and electron-microscopic methods.
MATERIALS AND METHODS

Cell and cell culture :
Cells used in the experiments were stationally cultured HeLa S3. They were trypsinized (0.05% trypsin) and 1 ml suspension of 2 x 104 cells in Eagle's essential medium (MEM) (Nissan) with 10% inactivated calf serum was inoculated in a small culture tube with a 40 x 11 mm coverslip. They were incubated at 37°C for 60 hours.
JGB stain:
Cells cultured for 60 hours were stained for 30 minutes at 37°C with various concentrations of JGB (Merck) dissolved in the culture medium. The JGB concentrations ranged from 1.55 x 10-' M to 1.28 x 10 3 M. After completion of staining, cells were washed three times with the culture medium. They were processed for cytochemistry and electron-microscopy, immediately after and 3, 6, 12, 24 and 48 hours after completion of staining.
Preparation for light microscopy :
Cells were fixed with cold 1.25% glutaraldehyde in Eagle's MEM at pH 7.3 for 5 minutes, and washed with a cold Eagle's MEM overnight. They were stained for NADH dehydrogenase with a modified method' 6' of Novikoff using tetranitroblue tetrazolium (TNBT) and for acid phosphatase with Barka-Anderson's azo-dye method16', successively. And then nuclear stain with methyl green was done.
With this double staining, mitochondria were clearly visualized. Although acid phosphatase activity was reduced somewhat, elongation of the reaction time to 45 minutes resulted in staining intensity quite similar to that obtained after 30 minutes of reaction for a single acid phosphatase stain. On the other hand, in the cells fixed by 4% cold formol calcium, faint NADH dehydrogenase activity was noted also in cytoplasm outside mitochondria.
The activity of succinate dehydrogenase, which was localized only in mitochondria, was labile and not strong enough for clear histochemical visualization of mitochondria. Therefore, these methods were not suitable for this study.
Preparation for electron-microscopy :
For the electron-microscopic observation, the method previously described was employed''. In brief, coverslips were coated with a thin membrane of formvar, on which cells were cultured. '3' of Gomori, at 37°C for 30 minutes.
RESULTS
Effects of JGB on cell proliferation and mitotic activity : Proliferation of the cell was suppressed after 30 hours after staining with JGB at concentration of 1.0>< 10-' M and after 24 hours at concentration off 1.0 X 10.6 M. With an increase in concentration of JGB, the number of cells rapidly decreased , but it was unchanged even with the lapse of time at concentration of 1.0 x 10-3 M (Fig. 1 ). The same tendency was observed on the mitotic coefficient ( Fig. 2 ).
Light microscopic findings:
The cells unstained with JGB showed thread like patterns of NADH dehydrogenase activity which represented configuration and distribution of mitochondria. Acid phosphatase activity was noted faintly and diffusely at one side of the juxtanuclear region (Fig. 3) .
In cells stained with 1.55 x 10-7M JGB, the localization and intensity of NADH dehydrogenase activity were unchanged even 48 hours after staining.
No definite changes were observed in mitochondria 6 and 12 hours after staining with 2.5>< l06 M JGB. However, after 24 hours, many mitochondria were slightly shortened and a few were changed to rods or small vesicles (Fig. 4) . Morphological changes in mitochondria were progressive. And 48 hours after staining many of the cells possessed rod-shaped or coarsely granular mitochondria and cytoplasm was often vacuolated. The acid phosphatase activity was unchanged as compared to that of control cells.
In cells stained with 1.0>< 10.5 M JGB, mitochondria were changed to rods or coarse granules immediately after completion of staining. The acid phosphatase activity was slightly intensified. An increase in the activity was definite 12 hours after staining (Fig. 5) . At 24 hours, coarsely granular mitochondria were slightly increased in size, varying sized vacuoles appeared in cytoplasm, and the increased acid phosphatase activity became diffuse throughout cytoplasm (Fig. 6 ).
In the conventional supravital stain with JGB, its concentration around 2>< 105 M was used in many laboratories. Since at this concentration mitochondria were (Fig. 7) and some others detached from the glass surface during the histochemical process. At 24 hours, most of cells were detached from the glass surface and remained cells were swollen or markedly shrunken in which mitochondria could not be detected by NADH dehydrogenase reaction (Fig. 8) .
Upon staining with 1.28>< 10-3 M JGB, which was the highest concentration used in this experiment, configuration of the cell and nucleus was similar to that of the control, but cytoplasm and nucleus were diffusely stained blue-green except at narrow perinuclear zone and no mitochondria were recongnized with NADH dehydrogenase reaction. Dark brown reaction product of NADH dehydrogenase was noted in the nucleus. Acid phosphatase activity was noted very faintly at the one side of cytoplasm (Fig. 9) . As the time elapsed, blue-green tone of JGB was diminished, the acid phosphatase activity disappeared but brown reaction product increased in intensity. However, the configuration of cells was well retained (Fig. 10) . Fine blue-green droplets were numerous on the glass surface. 
Electron-microscopic findings:
Mitochondria of unstained cells were oval or elongated with orderly arranged cristae (Fig. 11) . The reaction products of the acid phosphatase were noted in autophagic vacuoles of a few spontaneously degenerating cells.
No definite changes were noted in mitochondria and acid phosphatase activity up to 12 hours after staining with 1.3>< 106 M JGB. At this concentration, focal vacuolar swelling was noted in a few mitochondria at 24 hours (Fig. 12) . Lysosome like particles were slightly increased in number, although they were devoid of reaction products of acid phosphatase. With 8.0 X 1Ors M JGB, marked changes were noted in mitochondria and other organelles immediately after completion of staining. Mitochondria were shortened as if they were torn off, and there were small electron opaque particles in the matrix with increased electron density. Moreover, there were dome shaped or peninsular structures protruded from the mitochondria. Most of these peninsulae were bordered by layers of membranes and contained cytoplasmic materials including ribosomes (Fig. 13 ) . Others were bordered by lamellated membranes and contained amorphous materials with slightly increased electron density, or they were empty. Reaction products of acid phosphatase were noted in these membranes and contents (Fig. 14) . From these findings, these peninsulae were considered to be a type of autophagic vacuoles. Cisternae of the endoplasmic reticulum were enlarged and lysosomes and autophagic vacuoles without identifiable mitochondrial structures were found. At 12 hours, mitochondria were markedly vacuolated and swollen with cristae bent along the internal membrane. Aforementioned small electron opaque particles were found in the peripherally displaced matrix (Fig. 15) . Reaction products of acid phosphatase were markedly increased in amount, which were present not only in the autophagic vacuoles but also scattered in cytoplasm not related to any particular organelles (Fig. 16) .
Immediately after completion of staining with 3.2>< 10-4 M JGB, not only mitochondria but also other organelles lost their structural characteristics, and chromatin was aggregated at the nuclear membrane or around the nucleoli (Fig. 17) .
Immediately after completion of staining with 1.28 X 1O M JGB, cellular destruction was more marked than in the cells stained with 3.2>< 10-4 M JGB, and cytoplasm was rough with reticular patterns and markedly decreased in electron staining quality (Fig. 18) . Almost no reaction products of acid phosphatase were observed. Fig. 19 was a schematic representation of cellular changes at varying intervals induced with variable concentrations of JGB, which were observed by light and electron-microscopic examinations. At concentration of 10+6 M, the changes induced by JGB was very slight as compared with those produced by higher concentrations of JGB. The late cellular changes produced with 10-5 M JGB were quite similar to earlier changes with 10-4 M. And the cellular damages produced by l0y3 M JGB were characteristic.
DISCUSSION
The concentration of JGB, which was used in the previous laser experiments was 6.3 X 10u7'-5.0 X 10u6 M. By light microscopy, although mitochondria were somewhat shortened and a few small vesicular forms appeared, almost no changes were observed in other organelles even 24 hours after staining with 2.5 X 106 6 M JGB. At this time the cells indistinguishable from those of spontaneous degeneration were also observed but their incidence was not particularly high as compared with the control. By electron-microscopy, the slightest changes with minimal focal clearing of the mitochondrial matrix were observed 12 hours after staining with 1.3 X l0J6 M JGB. And no changes were observed in other organelles except for lysosomes, which slightly increased in number. Appearance of lysosome like organelles not accompanied by apparent increase in acid phosphatase activity was probably due to mildness of mitochondrial damages. Although the cell count was apparently decreased at 24 hours or later as seen in the growth curve, concentrations of JGB used for the previous laser experiment was confirmed to be slightly toxic to mitochondria but not to other organelles from the morphological observation.
The light microscopic changes in cells produced by JGB at concentrations lower than 1 Or 4 M were summarised as the following : 1) shortening and coarse granulation of mitochondria with concomitant increase in the acid phosphatase activity; 2) followed by appearance of vacuoles in mitochondria in increasing number and associated diffusion of and decrease in the acid phosphatase activity. Coarsely granular mitochondria observed by a light microscope correspond to shrunken mitochondria with increased electron density in the matrix observed by an electron-microscope. Vesicular mitochondria on light microscopy correspond to mitochondria with prominent vacuolation by electron-microscopy, which was preceded by shrinkage.
Small electron opaque particles are known to appear in the matrix of mitochondria in a variety of degenerative processes. Two types of granules have been found so far : one with internal structures, which was seen in carbon tetraoxide poisoning,14' magnesium deficiency11, and Vitamine D intoxication'5', and said to be related to calcium ions'9' ; the other was an amorphous electron opaque particle, which was induced by heating or laser light irradiation, and said to be present in mitochondria of cells with irreversible degenerative changes8'10'9' . The electron opaque particles seen in this experiment were identical to those of the latter.
The concentration arround 2>< 10-5 M is most commonly used in supravital staining. At this concentration, one must expect that the changes in mitochondria specified above would occur within 8 to 15 minutes of staining.
With JGB at a concentration of 104 M, dome-shaped or peninsula like structures were observed in mitochondria immediately after completion of staining, which were ultrastructurally and cytochemically considered to be a type of autophagic vacuoles. From this finding, changes seen in mitochondria eventually leading to large vacuolation are explained as the following : for the first place, mitochondria become shrunken with increase in the matrix density and with small electron opaque particles; secondly the damaged mitochondria provoke the development of autophagic vacuoles as indicated by the appearance of peninsulae and increased lysosomal enzyme activity: and thirdly mitochondria are further damaged by autodigestion to form giant vacuoles 12 hours later. Tanakal" observed also the empty peninsulae in mitochondria of peritoneal cells after JGB administration but considered that these were due to excretions process of JGB from mitochondria.
After staining with JGB at a concentration of 10-4 M, mitochondria became coarsely granular and the acid phosphatase activity increased. Later cells underwent lytic process and were detached from the glass surface. It is of interest that at a higher concentration of 10.3 M the light mocroscopic cell configuration was rather unchanged and cells were firmly adherent to glass surfaces. This apparent discrepancy could be explained in the following fashions : at the concentration of 10'3 M, 1) JGB would markedly suppress the lysosomal enzyme activities and their intracytoplasmic release which would cause the subsequent cytolysis; 2) JGB would instantly coagulate the cellular constituent of protein nature which would be undigestible by the lysosomal enzymes; 3) both processes would take place concomitantly. Virtually, at this concentration, the acid phosphatase activity was markedly suppressed and became undetectable with the lapse of time . Fine blue-green droplets observed on the glass surface may be coagulated serum protein present in the medium. These findings along with the electron-microscopic findings seem to support the latter view. Brown staining of nuclei observed in cells stained with 10-3 M JGB, which increased with the lapse of time at 37°C, would be caused by non-enzymatic reaction between denatured nuclear substances and TNBT.
With combination of JGB stain and ruby laser light irradiation, it was reported that mitochondria could be injured more selectively and more intensively. But JGB itself was found to be toxic rather selectively to mitochondria at the lower concentration. Therefore, it would be quite reasonable to consider that the later changes observed in the cells were secondary to the mitochondria) damage.
